Changes in disease pressure, climatic factors, and management practices create a demand for new citrus rootstocks. The freezes of the 1980s resulted in a wave of 'Hamlin' sweet orange planting because this early cultivar can be harvested before the onset of cold temperatures. Citrus blight and tristeza virus disease forced abandonment of traditional rootstocks and brought on a series of rootstock tests in search of suitable replacements (Castle et al
Changes in disease pressure, climatic factors, and management practices create a demand for new citrus rootstocks. The freezes of the 1980s resulted in a wave of 'Hamlin' sweet orange planting because this early cultivar can be harvested before the onset of cold temperatures. Citrus blight and tristeza virus disease forced abandonment of traditional rootstocks and brought on a series of rootstock tests in search of suitable replacements (Castle et al., 1988 (Castle et al., , 1989 Wutscher and Bistline, 1988; Wutscher and Hill, 1995; Youtsey and Lee, 1995) . The 'Hamlin' glut, because of widespread planting and warmer winters, brought on a change in planting patterns, with three times as many of the higher-quality 'Valencia' planted than 'Hamlin.' This, in turn, created more interest in rootstocks for 'Valencia' orange (Castle et al., 1993; Hutchison et al., 1992) . The aim is to find rootstocks on which trees with small canopies produce large quantities of high quality fruit. Resistance to tristeza virus disease and phytophthora foot and root rot are essential and can usually be determined by greenhouse tests or observed on young trees. Citrus blight, because it rarely appears in Sunki and Sun Chu Sha mandarin, and sour orange with 13 experimental, mostly new hybrid rootstocks and two importations from the Far East (Gou Tou #1 and Tachibana).
Materials and Methods
Seed for the 21 rootstocks (Table 1) in this trial were obtained from the germplasm collection and the test plots at the U.S. Dept. of Agriculture (USDA) Foundation Farm near Leesburg, Fla. The seeds were planted in a seedbed in 1989, the seedlings were transplanted into a nursery in 1990 and budded with the virus-free registered clone 1-18-38 of 'Valencia.' While still in the nursery, the trees were apparently infected with tristeza virus. In May 1991, they were dug and planted barerooted in a commercial grove at 5.5 × 2.4 m spacing near Lynchburg in Polk County in central Florida. The soil at the gently sloping test site was Candler fine sand (Hyperthermic uncoated Typic Quartzipsamments) with pH and extractable nutrients determined at the beginning and the end of the experiment (Table  2) . There were six, four-tree plots on each rootstock in a randomized complete-block design, with guard rows on two sides of the planting. The trees received standard commercial care; irrigation was by overhead sprinklers.
The trees were hedged on alternate sides in 1996 and 1997. The fruit was harvested in late March or early April by picking all four trees trees younger than 5 years of age, requires longer-term observations. The present test compared trees on the commercially used rootstocks Swingle citrumelo, Carrizo citrange, in each replication into a 10-box (408 kg) bin and measuring the contents with a calibrated stick inserted through the center of a bar across the bin (Wutscher and Hill, 1995; Youtsey and Lee, 1995) . Missing and replacement trees were excluded. Three to five days before each harvest, two 30-fruit samples, each from three replications, were collected for fruit quality analysis. Fruit weight, diameter, rind thickness, and peel color were determined, the latter by comparison with a color chart in USDA Technical Bulletin 753 (Harding et al., 1940) . The juice was extracted with an electric reamer that extracts 5% to 10% less juice than commercial juice extractors (Wutscher and Hill, 1995) .
Total soluble solids (TSS) were measured with a refractometer, total acids by titration with 0.1560 N NaOH, and juice color with a chromameter (model CE 200, Minolta Camera Co., Osaka, Japan). The data were analyzed by analysis of variance and the means were separated by Duncan's multiple range test.
Results and Discussion
The most productive trees in the test were on Vangasay lemon, HRS 812 (Sunki x Benecke trifoliate orange) and HRS 942 (Sunki x Flying Dragon) ( Table 3 ). The performance of the trees on Vangasay was typical for lemon rootstocks; they were large and highly productive, but the fruit quality was poor (Tables 3  and 4 ). The trees on HRS 812 (Sunki x Benecke trifoliate) were medium-sized and produced well both in terms of yield/tree and TSS/tree. The latter is an all-important characteristic in Florida, where 90% of the orange production is processed and where growers are paid for the quantity of solids delivered rather than for the quantity of fruit. There are favorable reports on this rootstock from Israel, where trees on it grew well on high pH soils under desert conditions, (Levy, 1997) and from Brazil (Pompeu et al., 1997 The concentrations of soil nutrients changed little during the experiment ( Table 2 ). The trees on most rootstocks (Table 3 ) grew well and the maximum loss of trees 7 years after planting was 17% (Table 3) ; no trees were lost on eight of the 21 rootstocks in the test. Because the trees had been hedged, making tree volume meaningless, size of the 8-year-old trees was expressed as tree height and trunk cross-sectional area. Trees on HRS 942 (Sunki x Flying Dragon) produced as much fruit as trees on Vangasay lemon, which had a trunk cross-sectional area twice as large (Table 3) . Trees on four rootstocks, HRS 954 (Pearl x Flying Dragon), HRS 811 (Smooth Flat Seville x Swingle citrumelo), HRS 939 (Flying Dragon x Nakorn pummelo), and on sour orange #2 were distinctly smaller than those on all other rootstocks, apparently because of a severe strain of tristeza virus endemic in the area. Although the trees on sour orange #2 were severely dwarfed and produced very little fruit, only one of the 24 trees died. The tristeza susceptibility of sour orange rootstocks is well known (Costa et al., 1954) , but the severity of symptoms varies with the severity of the strain of this virus. Trees on HRS 939 were slightly affected in an area where a milder tristeza strain had only moderately affected trees on sour orange #2 (Wutscher and Hill, 1995) ; in the present test, they were almost as dwarfed and unproductive as trees on sour orange #2, indicating a more virulent strain of the virus.
Of the five commercially used rootstocks in the test, Swingle citrumelo, Carrizo citrange, and Sun Chu Sha had no tree losses; two trees on Sunki and one tree on sour orange #2 were lost. Trees on the commercial rootstocks were not as productive as trees on several of the new rootstocks. Trees on Vangasay, HRS 812 and HRS 942 out-produced trees on Swingle citrumelo (Table 3) , currently the most widely planted rootstock in Florida (Castle et al., 1988) . Trees on Carrizo ranked lowest in the group of intermediately producing trees. Unexpectedly, trees on Sun Chu Sha were transitional between intermediate and low productivity; in an earlier test such trees had outproduced trees on Vangasay and Carrizo (Hutchison et al., 1992) . Its performance in this test was similar to that in Texas (Wutscher and Dube, 1977; Wutscher and Shull, 1976) . Gou Tou #1, an introduction from China via Australia, which has been suggested as a possible replacement for sour orange (Castle et al., 1992 (Castle et al., , 1993 Garnsey, 1992) performed poorly, only slightly better than the tristezaaffected trees, and was difficult to handle in the nursery. Trees on the two Pearl tangelo hybrids, HRS 952 and HRS 954, were medium to low fruit producers, but had the highest TSS (Table 4) , a trait that could be useful in breeding new rootstocks. There were no differences in rind thickness (4 mm) and juice color number (37.3-37.9) among fruit of trees on the rootstocks in this trial.
The losses on the various rootstocks were mostly due to phytophthora foot rot caused by Phytophthora nicotianae B. deHaan. Tachibana, a small-fruited Japanese ornamental mandarin, performed poorly as a rootstock, as it did in similar tests conducted in Texas Wutscher and Shull, 1973) . Likewise Sunki also performed poorly (Wutscher and Bistline, 1988; . At the end of the observation period, three trees showed symptoms of citrus blight (a tree decline of unknown cause), which were confirmed by wood analysis and water injection into the trunk (Lee et al., 1984) , including one tree each on Vangasay, HRS 812 (Sunki x Benecke trifoliate), and HRS 877 (King x Rubidoux trifoliate orange). Longer-term observations are needed to draw definite conclusions concerning the resistance of the currently studied rootstocks to citrus blight. Of the three best-performing rootstocks in the test, trees on Vangasay have a track record of being cold-tender and blightsusceptible, and of producing low quality fruit (Hutchison et al., 1992; Wutscher and Hill, 1995; Harding et al. (1940) ; color range from A = 1 (completely green) to L = 12 (dark red). y Mean separation within columns by Duncan's multiple range test at P ≤ 0.05.
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